Nine strains of staphylococci were examined for their antibiotic resistance and for binding of seven extracellular matrix (ECM) molecules (bovine mucin, porcine mucin, porcine fibronectin, bovine fibrinogen, fetuin, bovine lactoferrin and heparin) immobilized on latex beads in the particle agglutination assay.
Bacterial pathogens commonly adhere to host tissues as a first step in the pathogenic process of many infectious diseases. Following epithelial trauma, these pathogens may interact with various subepithelial extracellular matrix (ECM) structures (Ljungh and Wadström 1995) . This bacterial adherence is mediated primarily by adhesins on the bacterial surface which bind specifically to complimentary ligands (Höök et al. 1990 ). The ECM is composed of glycoproteins and glycosaminoglycans which form a network by means of a number of specific interactions between different ECM components (Ljungh et al. 1996) . Since most ECM are covered by epithelial or endothelial cells, they are not available for bacterial binding. However, damaged tissue surface may expose ECM and allow microbial colonization and infection (Ljungh and Wadström 1995) . In recent years, binding of several ECM proteins by many Gram positive cocci (including staphylococci) has been investigated. Despite the fact that only a few bacterial species have been proven to use the ability to bind an ECM protein as a virulence determinant (Lowrance et al. 1990; Patti et al. 1994; Hienz et al. 1996) , this property may be involved in the pathogenicity of several bacterial species (Naidu et al. 1988; Ljungh and Wadström 1995) .
While some staphylococci display high virulence, others may have a commensal relationship with their host. Generally, staphylococci form an important component of the bacterial community in the rumen content as well as on the rumen wall of domestic and wild ruminants (Wallace et al. 1979; Fonty et al. 1984; KmeÈ et al. 1990; Lauková 1994) . Despite the fact that staphylococci are known also as lactic acid producers and belong together with lactobacilli and enterococci to the first bacterial groups colonizing the rumen of young ruminants (Lauková 1994) , they may be important in causing infection under the appropriate predisposing conditions similar to those described by Jett et al. (1994) for enterococci.
The aim of the present study was to determine the ability of 9 selected staphylococcal strains originally isolated from rumen content of mouflons and European bison to bind some ECM molecules immobilised on latex beads by rapid PAA (particle agglutination assay), and to compare results obtained with previously investigated animal staphylococci (· tyriak et al. 1999a) .
The extension of our results is in the examination of bacterial resistance to 13 antibiotics. This fact is interesting because especially multiresistant strains could complicate a usual antibiotic therapy in case of infection.
Materials and Methods

Sources and cultivation of strains
Nine strains of staphylococci from the bacterial collection of Dr. Lauková originally isolated from rumen content of wild herbivores (seven isolates from rumen of mouflons and two from European bison, ZOO Ko‰ice) were used together with 5 control strains from the collection of the Medical Microbiology Department at Lund University in our assay. The strain Helicobacter pylori NCTC 11637 was used as positive control for fetuin and mucin binding (Lelwala-Guruge et al. 1993 ) and 4 staphylococcal strains (Staphylococcus aureus Cowan1, S. saprophyticus TW111, S. haemolyticus SM 131 and Staphylococcus sp. LS1) as controls for the binding of the other ECM molecules. Staphylococci were cultivated using blood agar plates (Difco, Detroit, MI) with 5% horse erythrocytes overnight at 37 °C and H.pylori NCTC 11637 on GAB-CAMP agar (blood agar supplemented with 5% saponin lysed equine erythrocytes) under microaerophilic conditions (5% O 2 , 10% CO 2 , 85% N 2 ) at 37 °C for 2 to 3 d. Ruminal staphylococci were phenotypically allotted by Becton-Dickinson identification system (Cockeysville, USA) to following species: Staphylococcus warneri, S. saprophyticus, S. epidermidis, S. xylosus, S. haemolyticus and S. aureus (Table 1) . They are lactic acid producing and ureolytic bacteria (Lauková 1993) .
Chemicals
Human serum albumin (HSA), bovine lactoferrin, fetuin, mucin type III (partially purified) from porcine stomach, piperazine N-N-bis-2-ethanolsulfonic acid, and EDAC (1-Ethyl 3-3-dimethylamino propyl carbodiimide hydrochloride) were purchased from Sigma Chemicals Co., St Louis (Missouri, USA). Citric acid and glycine were from Merck AG (Darmstadt, Germany). Heparin sodium salt was supplied from Fluka (Buchs, Switzerland), porcine plasma fibronectin was from BioInvent International AB (Lund, Sweden), bovine serum fibrinogen from Behring Diagnostics (La Jolla, CA, USA), mucin from bovine submaxillary glands from ICN Biomedicals Inc. (Aurora, Ohio, USA), merthiolate from Kabi AB (Stockholm, Sweden), latex beads (0.81 µm diameter) from Difco Laboratories, Detroit, (MI, USA), and carboxylated modified latex beads (0.55 µm diameter) from Seradyn Inc. Particle Technol. Div., Indianapolis (Indiana, USA). All buffers and chemicals were of analytical grade.
Antibiotic resistance
Staphylococcal resistance to 13 antibiotics was tested by agar diffusion method using the following antibiotic disks (Becton and Dickinson, Cockeysville, USA): ampicillin 10 µg (Amp), erythromycin 15 µg (Eryth), fosfomycin 50 µg (Fosf) gentamicin 10 µg (Gent), chloramphenicol 30 µg (CHC), bacitracin 2 units (Bac), kanamycin 30 µg (Kan), lincomycin 10 µg (Linc), methicilin 5 µg (Met), novobiocin 30 µg (NB), tetracycline 30 µg (TTC), vancomycin 30 µg (Vanc), and rifampicin 30 µg (Rif). Testing was performed on Columbia blood agar (Becton and Dickinson). Staphylococcus aureus CB44 (University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic) was used as a control organism.
Adsorption of ECM molecules to latex beads
The ECM molecules were adsorbed to the latex beads (0.81 µm diameter) by electrostatic and hydrophobic interactions according to the method described earlier (Naidu et al. 1988; · tyriak et al. 1999b ).
Covalent coupling of fetuin and mucins to carboxylated modified latex beads Hundred µl of carboxylated modified latex (CML) beads were washed twice with 0.1 M phosphate buffer (pH 8.1) and were resuspended in 1 ml of phosphate buffer (pH 8.1) containing 2 mg/ml EDAC (1-ethyl 3-3-dimethylamino propyl carbodiimide hydrochloride). This solution was added to beads drop by drop and the mixtures were incubated overnight at 4 °C on a rotatory mixer. The suspensions were then centrifuged at 12 000 g for 10 min, suspended in 1 ml of phosphate buffer containing 1 mg/ml protein, and then incubated overnight at 4 °C on a rotatory mixer. Latex beads were subsequently centrifuged at 12 000 g for 10 min, and the unbound protein in the supernatant fluids was determined. Finally, the protein-coated CML particles were resuspended in 1 ml of phosphate buffer containing 0.01% merthiolate and stored at 4 °C until use in particle agglutination assay.
Particle agglutination assay (PAA)
The protein-coated latex beads (20 µl) were mixed on a glass slide with an equal volume of a bacterial cell suspension of 10 10 cfu per ml. These two drops were gently mixed and the agglutination reaction was scored after 2 min from strongly positive (3) to weakly positive (1) or negative (0) as previously described (Nai du et al. 1988; · tyriak et al. 1999a ). All strains were tested for autoaggregation by mixing one drop of a bacterial suspension with one drop of potassium phosphate buffer. Control strains (as negative and positive controls) were always used in this assay.
Particle agglutination inhibition assay (PAIA) PAA reactions were inhibited by preincubation of 100 µl of ECM protein with an equal volume of bacterial suspension for 1 h at room temperature. After washing, the bacterial suspensions were mixed with the same proteincoated latex beads, and PAA values were scored as in standard PAA.
Results
All selected strains were resistant at least to one antibiotic. As shown in Table 1 , all nine strains were resistant to bacitracin. However, most of them were multiresistant. Four strains, both isolates from European bison (S. xylosus SX9 and S. warneri SW15) as well as two strains from mouflons (S. saprophyticus SS16 and S. epidermidis SE14), displayed resistance to 5 of 13 antibiotics tested. The resistance pattern is not similar in these strains. However, the resistance to methicillin (5 strains) and kanamycin (4 strains) was also often detected (Table 1) . On the other hand, all strains were sensitive to chloramphenicol, vancomycin and rifampicin.
No autoaggregating strains were detected among nine selected staphylococci. Therefore they could be investigated for binding of seven different ECM molecules (bovine mucin, porcine mucin, porcine fibronectin, bovine fibrinogen, fetuin, bovine lactoferrin and heparin) immobilized on latex beads in the particle agglutination assay. As shown in Table 2 , differences between individual strains were observed. There are strains with positive binding to several ECM molecules (as e.g. S. warneri SW6 and S. epidermidis SE14) as well as the strains which bound only one (S. aureus SA11) or no ECM molecule (S. saprophyticus SS16) of seven tested. While some ECM molecules, e.g. porcine fibronectin and heparin, were bound by most of strains, other molecules (e.g. mucins) were bound only by 1 or 2 strains. Some strains bound these substrates weakly (1 or 2), however, other strains displayed strong (3) binding especially to heparin and porcine fibronectin. Interestingly, fetuin also called "lectin screening" protein was never bound by any of the strains tested.
The specific binding of a protein in the PAA was confirmed by the PAIA with the same ECM protein. The preincubation of bacteria with a protein used subsequently in the PAA for 1 hour at room temperature completely prevented the agglutination reaction, thus indicating the specificity of the assay.
Discussion
Many bacterial strains (including staphylococci) resistant to diverse currently available antibiotics are regularly isolated from humans and several farm animals. Moreover, a high antibiotic resistance was recorded also in bacteria from wild animals (Lauková 1995; Lauková 1999) . Concerning high antibiotic resistance in farm animal isolates, it should be a result of the variety of antibiotic use programs needed for animal therapy, disease prevention, and/or production enhancement (Gustafson and Bowen 1997) . However, multiresistant isolates from diverse farm and wild animals suggest that they could complicate conventional antibiotic therapy for veterinarians as well as for people in animal weaning because of possible transfer between humans and animals. This fact is supported by two studies of van den Bogaard et al. (1997ab) which indicate that humans and animals in close contact could harbour the same vancomycin-resistant strains.
As a consequence, there is an urgent need to seek an alternative to antibiotics for the purpose of enhancing the health status and production performance of domestic animals (J i n et al. 2000). Since sooner or later, the use of antimicrobials leads to the selection of resistant strains (Herrero et al. 2000) . This role should be fulfiled by new vaccines on the basis of antibodies against ECM-binding proteins within targeting therapy as suggested by L e e (1998). This could be a future, useful alternative which could reduce the common antibiotic use in veterinary medicine.
In the current study, we examined some selected staphylococcal strains from mouflons and European bison for their antibiotic resistance and binding to ECM components.
As mentioned above and confirmed by our results, antibiotic resistance is widely distributed also in wild herbivores breeded in animal gardens. Bacitracin resistance could be the most widely distributed among the staphylococcal strains from rumen ingesta of wild Table 2 Binding of 7 ECM substrates by staphylococcal strains isolated from wild herbivores in ZOO after their cultivation on TH agar plates tested by PAA herbivores. However, nine strains is too small a collection to permit general conclusions. There is a difference between the isolates from rumen of mouflons and European bisons with the predominant resistance to tetracycline (Lauková 1995) and bacitracin (this article) or enterococci isolated from faeces of wild herbivores when almost all strains were resistant to kanamycin (· tyriak et al. 2002) .
Strain
The particle agglutination method, known as rapid assay for simple screening of bacterial isolates for serum and ECM protein binding, could be used because no autoaggregative strains were found among nine strains tested. As described above, individual strains showed different ECM binding patterns. The S. warneri SW6 strain displayed strong binding of four ECM molecules, however, bovine lactoferrin was bound a little weaker. Interestingly, this strain displayed only bacitracin resistance while S. saprophyticus SS16 with negative binding to seven ECM molecules expressed the resistance to five antibiotics. It is known that many of these binding interactions are dependent on the conformation of the ECM molecule as confirmed for fibronectin by Williams et al. (1982) . However, we were able to examine the molecules only in immobilised form. It means that strains displaying negative binding of immobilised ECM molecules could bind some of them in soluble form like staphylococcal strains described previously (·tyriak et al. 1999a) .
We would like to note in conclusion that the present short study suggest an importance of ECM binding investigation also in wild animal microflora because the presence of multiresistant strains able to bind several ECM molecules could be dangerous not only for the host animals in case of surface tissue (epithelium or endothelium) integrity disturbance but also for humans in close contact with these animals. That is why it should be followed by isolation and characterization of cell surface components responsible for ECM binding properties from the strains displaying the best binding activity.
Väzba stafylokokov z divok˘ch bylinoÏravcov k molekulám extracelulárnej matrix
U deviatich kmeÀov Staphylococcus sp. izolovan˘ch z divok˘ch bylinoÏravcov bola testovaná rezistencia na antibiotiká a ich schopnosÈ väzby k siedmym rozliãn˘m molekulám extracelulárnej matrix (bovinnému mucínu, prasaãiemu mucínu, prasaãiemu fibronektínu, bovinnému fibrinogénu, fetuínu, bovinnému laktoferínu a heparínu) imobilizovan˘m na povrchu latexov˘ch guliãiek pomocou r˘chleho aglutinaãného testu.
V‰etk˘ch deväÈ testovan˘ch kmeÀov bolo rezistentn˘ch na bacitracín. Av‰ak väã‰inou sa jednalo o multirezistentné kmene, z ktor˘ch ‰tyri sú rezistentné aÏ k 5 z 13 testovan˘ch antibiotík. Tieto kmene vykazovali rozdielnu väzobnú schopnosÈ. Niektoré z nich boli schopné viazaÈ sa k viacer˘m molekulám ECM (ako S. warneri SW6 a S. epidermidis SE14), iné zasa adherovali len k jednej (S. aureus SA11) alebo Ïiadnej ECM molekule (S. saprophyticus SS16) zo siedmych testovan˘ch. K˘m niektoré molekuly extracelulárnej matrix, napr. prasaãí fibronektín a heparín, sa ukázali ako vhodné receptory pre väã‰inu z 9 testovan˘ch kmeÀov, k in˘m molekulám (napr. mucínom) adherovali len 1 alebo 2 kmene. K niektor˘m molekulám, ako napr. k heparínu a prasaãiemu fibronektínu, sa viazali baktérie vo väã‰ích poãtoch, k˘m k in˘m len v men‰ích poãtoch. ·pecificita tohto aglutinaãného testu bola potvrdená t˘m, Ïe po 1-hodinovej inkubácii s príslu‰n˘m ECM proteínom, tento obsadil príslu‰né väzobné miesta na bakteriálnom povrchu a v následnom aglutinaãnom teste vykázal bakteriálny kmeÀ negatívny v˘sledok pri aglutinácii s touto molekulou.
